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METHOD AND DEVICE FOR THE CONTINUOUS PROCESSING OF RENEWABLE RAW MATERIALS 

Field of the invention 

5 

The invention relates the method of processing lignocellulosic materials using 
continuous pressure hydrolysis resulting to the production of furfural and furane, 
acetic acid, lignin, hydrolytic sugars - glucose. The method also includes 
processing the residues after hydrolysis using methods of enzymatic hydrolysis, 
10 hydrolysis of starch from added starch materials, esp. cereal grains to glucose, 
its fermentation, distillation and rectification to bioethanol, use of stillage by 
anaerobic fermentation to biogas, and accumulation of carbon dioxide,' and the 
complex device for the carying of this method. 

15 Background of the invention 

Deficiency in fossil raw materials is becoming a potential barrier inhibiting the 
economic and social development of most regions. Current systems^ for the 
production of organic chemicals are predominantly based on the f use of 

20 fossilised raw materials. Fossilised raw materials, esp. crude oil and 'natural 
gas; are gradually being exhausted. The Czech Republic strongly depends on 
the import of the above mentioned raw materials, which is the cause of a 
considerable proportion of the deficit in the trade balance. ^ : :< ; >.: .; ; ! • 
In addition to fossil resources, a big part of the renewable organic material - 

25 biomass - is available for the present and the future. 

r * 

Biomass (LCM - lignocellulosic materials) is at present the most widely-used 
renewable resource and has an appreciable share of world production. 
In the foreseeable future it will be necessary to search for and develop cheaper 
and more efficient methods of conversion to fine gaseous and particularly liquid 
30 fuels, which will allow wider and more efficient utilization of the biomass and the 
renewable resources as a whole, which means without restricting the operation 
to the proximity of the raw material resources, and also greater flexibility in the 
methods of application and without seasonal swings. 
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Sources from basic agricultural industry (various kinds of straw) and waste from 
wood processing and the forestry industry are the main producers of the 
biomass. 

Methods employing hydrolysis are under close examination. The very low price 
5 of the input lignocellulosic raw materials is one advantage of these methods. 
Hydrolytic technologies providing solution of hydrolytic sugars (cellulosic and 
hemicellulosic) in the proper concentration and preferably using the continuous 
method have not yet been fully subjected. 

AH these facts are mentioned in Philip W. Madson's paper "Bio-ethanol 
10 Experiences in the USA" delivered at the European Conference on Bioethanol 
(held at Lissa — Holland, May 1990). He concludes that despite technological 
advances the production of bioethanol is at a break-even point, if not actually 
unprofitable. 

The technologies so far utilized and designed for the production of ethanol as a 
15 fuel are mostly based on the utilization of starch materials, particularly corn and 
cereals. 

A second strategy, nowadays actively pursued, is the utilization of lower cost 

inputs, such as cellulose, in order to reduce the costs of the raw material. 

A known method is described in the US Patent No. 4,564,595, which concerns 

20 the acidic hydrolysis of pre-delignificated cellulose and the subsequent 
fermentation of the incurred elemental sugars (principally glucose). 
The Japanese Patent No. 59048090 A entitled "Preparation of Fuel Alcohol" 
tries to eliminate the high energy intensity of the known methods. Its 
cornerstone is based on the idea that elemental sugars, using fermentation, are 

25 produced from renewable raw materials, and then fermented to ethanol. Starch 
materials are cracked by fibrous fungi of the Aspergilus genus, lignocellulosic 
materials such as wood are modified by yeast, straw and materials similar to 
straw are modified by Bacillus natto. 

To produce furaldehyde, the Quaker Oats company uses discontinuous 
30 hydrolysis of lignocellulose with sulphuric acid (5% aqueous solution) at 
temperatures ranging from 145 to 170 °C . 
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The Swedish company Defibrator has elaborated a continuous hydrolysis, but 
they use a one-step expansion and before hydrolysis the raw material is 
impregnated by sulphuric acid. 

A Finnish patent, registered in the Czech Rep. under No. 191945, the subject of 
5 protection of which is the method of two-step hydrolysis in the presence of 
sulphuric acid. In Step One, the hydrolysis is under way at temperatures from 
150 to 200°C with the concentration of the sulphuric acid exceeding 10 % of the 
weight. In Step Two, at the same temperature the concentration of the acid is 
up to 5 % of the weight. 

10 The Swiss patent registration CH 678183 A5 specifies the acidic hydrolyses of 
materials containing pentozans in the medium of 2 % weight of sulphuric acid at 
temperatures from 170 to 230 °C. M li- \ 1 : 

Although the utilization of fossil raw materials is still economically mbre 
profitable, big petrochemical companies have established research and 

15 developmental workplaces focusing on new technologies utilizing rehewable 
resources. The conference European on Bioethanol dealt with the causes of 
economic non-profitability from both the technological and legislative 
viewpoints. In the case of production of bioethanol, which is or is to be produced 
from maize or cereal starch, the sale price almost equals the price of the 

20 purchased raw material. These substrates are expensive but have the 
advatange of an easy and technologically subjected hydrolysis. 
The European Patent No. 0 101 190 "Process for Producing Ethanol" by 
Assarsson and Nagasuy describes the production of glucosis subsequently 
condensed to ethanon utilizing the partial acidic hydrolysis of starch. 

25 Carbohydric material modified in various ways (chemically modified, derivative, 

,-«.= • 

unmodified, or m ixtu re thereof) is considered to be the i nput raw material. In 
theory, cellulose also belongs to some of these groups although the authors do 
hot expressly mention it in the list of raw materials. Nevertheless, the proposed 
conditions of the hydrolysis, esp. temperature, do not exclude it from the list of 
30 applicable materials. At the proposed heating steam temperature of 167 °C only 
the hydrolysis of a part of the pentozans can occur, but the lignocellulosic 
complex will remain intact. On that account, only starch material is mentioned in 
the requirements. 



WO 2006/024242 



PCT/CZ2004/000054 



4 

The continuous method of hydrolysis of lignocellulosic materials is not utilized 
industrially. In the operating conditions, if the process is to be economically 
bearable, it is difficult to observe the short reactive times, to ensure the fast 
heating of the mixture, as well as the heat regeneration and utilization 
5 percentage of all products. The lack of complexity in the utilization of products 
provided by a renewable material resource is another disadvantage of these 
methods. 

The method for processing lignocellulosic materials using hydrolytic and 
fermentative procedures is partly dealt with by a number of patents (CZ 281504 
1 0 and CZ PV 2000-4328). 

The hydrolysis of lignocellulosic materials results in the production of furfural, 
acetic acid, lignin, hydrolytic sugars, esp. glucosis. According to the CZ patents, 
the nonhydrolysed residues of cellulose either return to the hydrolytic process, 
or go undergo extraction to acquire lignin. The disintegrated raw material is 

15 moistened at the weight ratio of 0,5 to 1:1, the redundant water is extracted 
from the acquired mixture, and subsequently pressure acidic hydrolysis is 
carried out. According to the preferred type of hydrolytic product, the hydrolytic 
process may be carried out at temperatures between 160 and 230 °C. 
One disadvantage of this method is the high consumption of warm process 

20 water used to moisten the disintegrated lignocellulosic material and in its 
subsequent extraction before the hydrolysis itself. Another disadvantage of the 
methods designed so far is the fact that the energy saving of the whole 
operation has not yet been completely resolved. 

The complex utilization of lignocellulosic and starchy materials has not yet been 
25 resolved either. 

Ensuring the operating continuity of the production, particularly the supply of 
disintegrated lignocellulosic material to the hydrolyser, is an important condition 
for the processing of lignocellulosic materials during hydrolytic processes. 
30 There is a filling piston unit consisting of a tank for material, two slide valves, 
and a filling and hydraulic cylinder. This unit does not ensure the fluent 
continuous dosing of lignocellulosic material and in additon to that this method 
of filling has not been tested for continuity of the hydrolytic process. 
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The filling press described in CZ 281504 consists of a cylindrical part and a 
conical part. Both parts are crossed by a worm with a constant pitch and a 
decreasing pitch in the conical part. The conical part consists of segments for 
conducting the liquid into the tank. The front face of the cylindrical part is 
5 perforated. At the end of the conical part there is a pressure filler, tightly 
connected with the filling press and running into the first hydrolyser. This filling 
system did not prove useful either, esp. because the filling was unequal and did 
not ensure the compactness and continuous clearness of the plug through the 
pressure filler. This system has been abandoned in particular for fear that it 
10 would not be suitable for commercial utilization in a non-stop operation. 

Brief summary of the invention -.i 

The aforementioned disadvantages of the existing hydrolytic methods for 

15 obtaining sugars - glucose, ethanol, furfural, pure lignin, biogas and carbon 
dioxide from lignocellulosic materials are resolved and eliminated by the method 
of complex processing of renewable raw materials, particularly lignocellulosic 
and starch materials. Method according to the invention is based oh the 
following principle: the disintegrated lignocellulosic material moistured by 

20 process water at a ratio between 0,1 and 0,3 % of the weight, in relation to the 
weight of the input material, is continuously transported and by the mechanical 
heats moving materials to temperature 80 - 90°C in the filling unit. The 
disintegrated and heated material is further continuously hydrolysed in the 
presence of process water and steam at temperatures between 1 90 and 235 °C 

25 and at pressures of 1 ,5 to 3,2 MPa and in the presence of diluted acid in the 
quantity of 0,3 to 0,85 % of the weight, in relation to the suspension for a period 
of 9 to 12 minutes; the ratio of water and the solids matter is 1:3,5 to 1:4,5. The 
hydrolysis proceeds during the simultaous movement of the solid and liquid 
phase. The acid is dosed into the inlet piping in front of the hydrolyser. All the 

30 steam in the hydrolysing system will condense and heat the moving material. 
The released condensing heat will also compensate the heat loss through shell 
of the second hydrolyser. The catalytic effect of the acid and heat will cause the 
hydrolytic desintegration of the hemicelluloses to the furfural part and partly to 
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hemicellulosic sugars. The lignocellulosic links will be disintegrated and 
cellulose degradates into glucose in the range from 27 to 85 %. When the 
hydrolysis is complete, suspension of the material is expanded in two stages. 
The vapour phase contains furfural, methanol, acetic acid and water. The 
5 hydrolysed suspension contains a solution of sugars, the residual solid 
defiberized lignocellulosic phase and water. 

Continuous removal of the inert vapour phase containins predominantly furfural, 
out of the vapour area of the hydrolysers is important for the proper function and 
adjustment of the thermodynamic balance between the liquid and steam in the 

10 hydrolysers. Removal is carried out from the upper part of the hydrolysers and 
is important due to reaching the desired temperature. The pressure in the 
hydrolysers rises with the increasing content of this vapour phase. 
The vapour phases from the hydrolysers and the vapour phases from the 
expanders are cooled and undergo rectification. They separate into a solution of 

15 furfufal, methanol, and water, and a mixture of acids and water. The furfural 
mixture is separated into two layers by decantation. The lower layer contains 
approximately 92 % w/w solution of furfural with water and methanol. The 
upper layer from the decanter contains about 8 % w/w furfural, further methanol 
and water. This layer is fed back into the rectifying column. 

20 An azeotropic mixture of acids and water is extracted and a waterfree mixture of 
acetic acid and formic acid is obtained. 

The hydrolysate containing hydrolysing sugars, the defiberized solid 
lignocellulosic phase, and water, is pressed. A solution of sugars and water and 
solid defiberized lignocellulosic residues, exposed to the activity of cellulolytic 

25 enzymes, is obtained by this pressuring. Lignocellulosic residues can also be 
returned to thermio - pressure hydrolysis for the completion of hydrolysis, or are 
extracted from the group consisting of ethanol or acetone by a solvent within 10 
to 15 minutes. Lignin passes into the solvent and when the solvent evaporates, 
pure reactive lignin is obtained and the cellulose remains in the solid part. Pure 

30 glucose is obtained after cellulolytic hydrolysis. Sugars adsorbed to the fibrous 
material are pressed off into the sugar solution and do not return with the 
fibrous material into certain of the selected procedure of the solid residues 
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processing. These easily combined procedural precautions secure a high yield 
of fermentable sugars. 

The solution of glucose obtained by enzymatic hydrolysis is added to the sugar 
solution outgoing from the thermo-pressure hydrolysis and is mixed 
5 continuously with a starch material. Then everything undergoes amylolytic 
hydrolysis. The remaining solid particles, containing a non-starch proportion of 
grains, separated from the resulting reactive mixture and are returned to the 
thermo-pressure hydrolysis. The obtained glucose solution - after regulation of 
the pH, the addition of salts and nutrients and adjustment of glucose 

1 0 concentration b y n on-concentrated s tillage from t he mash c olumn i s filled v ia 
the heat exchanger to the fermentor. The spirituous fermentation is feeding with 
returning separated yeast cells, or 20 to 30 % of the fermentor's content is held 
in: the fermentor as a yeast starter for the next fermentation, Whereby a new 
fermentation rapid starts. When the glucose ferments through to ethanol and 

15 the yeast cells are separated, the solution from the fermentor is pumped for 
distillation. About 90 % of the 40 % ethanol leaves the distilling column in the 
form of vapour for rectification. Part of the stillage is returned to fermentation to 
dilute the sugar solution to desired concentration. The unused part of the 
stillage proceeds to the evaporator. In the evaporator the stillage can be 

20 concentrated to the required concentration of the solids. The whole p rocess 
has a very high utilization percentage in industrial conditions and the distilling 
efficiency is about 99,5 %. 

The heat energy of the hydrolysed solution coming from the thermic pressure 
hydrolysis is used to the starchliquefying added to the glucose solution, or to 

25 heat the process water or steam. After the starchliquefying and adjusting the 
temperature so as to be optimal for the action of thermically stable amylases, 
the saccharifying of starch into glucose occurs very quickly. The advantage of 
this method is the application of heat generated from the hydrolytic solution. 
The heat energy from the glucose solution and the heat from the stillage are 

30 used to preheat the feed for the mash column. The heat energy of the exhaust 
water is used to improve the energy balance of the thermo- pressure hydrolysis. 
The compactness and linkage of the connected processes, hydrolysis, 
fermentation, distillation and rectification, and the processes utilizing side 



WO 2006/024242 



PCT/CZ2004/000054 



8 

products (lignin, furfural, stillage, yeast cells, and carbon dioxide), facilitate 
automation of the process and achievement of a wasteless system of 
processing renewable resources. 

The complex solution for the utilization of lignocellulosic and starch raw 
5 materials facilitates the maximum utilization of all input raw materials and 
thermal energy. 

The device used for this method consists of a crusher and a processing tank, a 
filling unit and a set of hydrolysers, the last of which is connected (via a high- 
pressure slide valve) to a medium-pressure expander, the lower part of which is 

10 connected (via a medium-pressure slide valve) by a pipe to the upper part of a 
low-pressure expander. Thelower part of the low-pressure expander is 
interconnected (via a rotary feeder) by a pipe to the stirred tank of the hydrolytic 
product. The tank is further interconnected to the separating device, the first 
collecting part of which is interconnected to the first tank for the solution of 

15 sugar hydrolysate Its second collecting part for the solid unreacted phase is 
interconnected to the second tank for the remaining lignocellulosic phase. The 
upper part of the medium-pressure expander and low-pressure expander is 
interconnected to the upper part of the furfural rectifying column and to the 
furfural tank. According to the invention, the continuous pressure worm filling 

20 unit consists of segments made up of a body with single-threaded conveyer 
worms positioned on the shaft. The set of segments is complemented by a 
head, inside which a geometric shape is adapted to the position of a mandrel 
screwed into the end of the shaft. At least one steam ring and an spacer is 
placed between the worms. The steam ring widens conically on the entering 

25 side of the raw material. In the position of the steam ring the inside part of the 
body is fitted with a filler shaped like a thin annular ring 3 to 6 mm wide. The 
output flange fitted with an outlet filler with the reducing part leading to the first 
hydrolyser is fastened to the head. The body of one of the segments is fitted 
with an first side opening for the input of the disintegrated raw material and 

30 another opening for injecting pressurized process water. Furthermore, a 
connecting board and bearings are placed in front of the first worm on the shaft. 
The shaft is connected to the driving aggregate. The first hydrolyser is also 
equipped with a steam supply with a low-concentrated acid and is connected to 
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at least one other hydrolyser. The last hydrolyser is interconnected via a high- 
pressure slide valve to the medium-pressure expander, the lower part of which 

t 

is, interconnected via a medium-pressure slide valve to the upper part of the 
low-pressure expander. Its lower part is interconnected via the rotating feeder to 
5 the mixing tank of the hydrolytic product The upper part of the, medium- 
pressure expander is interconnected via piping to the first exchangers, second 
exchangers, and via the third tank to the upper part of the first rectifying column. 
The upper part of the first rectifying column is interconnected, via the third 
exchangers and the lower part of the decanter, to the fourth tank for furfural and 

10 the upper part of the decanter is connected via the fifth tank for the low- 
concentration furfural mixture back to the third tank. The second tank for the 
uh reacted solid lignocellulosic residues is interconnected via piping to the 
enzymatic hydrolyser, which is interconnected to the device for preparation of 
enzymes and the separator for separating the glucose from the lignin. The 

15 separator is connected to the sixth lignin tank and to the seventh tank for the 
preparation of the fermenting medium. The first tank for the solution of sugar 
hydrolysate is connected to pressure reactors for starchliquefying, which are 
equipped with a feed of ground starch raw material. The pressure reactors are 
interconnected to the enzymatic starch hydrolysers, which are further 

20 interconnected via the fourth and fifth exchangers to the fermentors. Both 
fermentors are interconnected via the yeast cell separator to the fourth heat 
exchanger, which is connected to the distilling device. The distilling device is 
interconnected to the evaporator and the second ethanol rectifying column. The 
distilling device, evaporator, and the second rectifying column are connected 

25 with the heating unit. The rectifying column in the area of the exhaust water is 
connected with the eighth accumulative water tank, in which the process water 
is heated in the first exchangers for the boiler of the heating unit. 
The expanders are shaped as like a cyclone separator and the medium- 
pressure slide valve enters the medium-pressure expander tangentially. 

30 
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Brief description of the drawings 

Figure 1 is a diagram of the hydrolytic fermentative process for processing 
lignocellulosic and starch materials. 
5 Figure 2 demonstrates the continuous pressure worm filling unit. 

List of Related Captions 

To figure 1 
1 . Belt conveyor 
10 12. Processing tank 

13. Filling unit 

14. Electric boiler ( gas boiler or solid fuels boiler) 

22. First hydrolyser 

23. Interconnecting pressure piping 
15 24. Second hydrolyser 

25. Overflow piping 

26. High-pressure expansion slide valve 

27. Medium-pressure expander 

28. Medium-pressure expansion slide valve 
20 29. Low-pressure expander 

30. Rotary feeder 

♦ 

31 . and 32. First exchangers ( for the steam phase from the expansion) 

33. Tank for process water 

34. and 35. Second exchangers 

25 42. Third tank (for Inlet furfural mixture) 

43. First rectifying column 

44. and 45.Third exchangers (for cooling the fural phase from the rectification) 

46. Decanter 

47. Fifth tank (for 8 % fural mixture) 
30 49. Fourth tank (for 92 % fural mixture) 

50. Exchanger (for cooling the mixture from the rectifying column) 

51'- Tank for the solution of mixture of acetic acid, formic acid and water 

52. Sixth accumulative water tank (- part of the thermal cycle) 



WO 2006/024242 



PCT/CZ2004/000054 



53. Stirred tank of the hydrolytic product 

54. Separating device 

55. Second tank (for unreacted solid lignoceliulosic residues) 

56. Device for preparation cellulase enzyme 

5 57. Enzyme hydrolyser of cellulose to glucose 

58. Separator of glucose and Ignin 

59. Sixth tnkfor Ignin 

60. Seventh tank for preparation of the fermentative medium 

61 . First tank (for the solution of sugar hydrolysate ) 
10 62. Fifth exchanger 

63. and 64. Fermenters 

66. Yeast cell separator 

67. Eighth tank for yeast cells 
69. Distilling device 

15 70. Second rectifying column 

72. Evaporator 

73. Ninth tanks (for stillage, yeast cells , biogas 
78. and 79. Pressure reactor for starchliquefying 
80. Fourth exchanger 

20 82. and 83. Enzyme starch hydrolyser (for saccharifying) 
To figure 2 

85. Shaft 

86. Single-threaded conveyer worm 

87. First opening (for raw materials) 
25 88. Steam ring 

89. Spacer 

91. Mandrel 

92. Output flange 

93. Outlet filler with reducing part 
30 94. Body 

95. Bearing 

96. Connecting board 

97. Second opening 
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98. Head 

Examples of Execution 

5 Figure 1 demonstrates the device for processing lignocellulosic and starch 
materials. It is continuous. 

The device consists of a belt conveyor 1, connected to the worm pressure filling 
unit 13. The filling unit 13 is connected to the first hydrolyser 22, which is 
connected to the last, second hydrolyser 24. The first hydrolyser 22_ is equipped 
10 with a feed piping, through which acid for the adjustment of the acidity in the 
first hydrolyser 22 is supplied. 

There may be several hydrolysers which are depending on the processing 
capacity. Each of them is fitted with a driving conveyor worm and a connecting 
pressure piping between the hydrolysers for passing of the raw material. 

1 5 The last second hydrolyser 24 is connected via the pressure overflow pipe 25 
with a high-pressure expansion slide valve 26 to the medium-pressure 
expander 27, The lower part of the medium-pressure expander 27 is 
interconnected via the medium-pressure expansion slide valve 28 through the 
piping to the upper part of the atmospheric low-pressure expander 29, the lower 

20 part of the atmospheric low-pressure expander 29 is interconnected via the 
rotary feeder 30 through the piping to the stirred tank 53 of the hydrolytic 
product, which is further connected through the piping to the separating device 
54. e- g. filtering press. Its first collecting part is interconnected to the first tank 
61 for the solution of sugar hydrolysate and the second collecting part' for the 

25 solid unreacted phase is interconnected to the second tank 55 for the uri reacted 
solid lignocellulosic residues phase, the upper part of the medium-pressure 
expander 27 and the low-pressure expander 29 are interconnected 1 through the 
piping to the first exchangers 3J. and 32, second exchangers 34 and 35; 'aricLvfe 
the third tank 42 to the upper part of the first rectifying column 43, the upper part 

30 of the first rectifying column 43 is connected via the third exchangers 44 and 45 
through the lower part of the decanter 46 to the fourth tank for furfural 49, the 
upper part of the decanter 46 is interconnected via the fifth tank 47 ! for the low- 
cbhcentration furfural mixture (8%) back to the third tank 42. : 
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The medium pressure expanders 27 and low pressure expanders 29 are 
shaped like cyclone separators and the medium-pressure expansion slide valve 
28 tangentially enters the medium-pressure expander 27. 

5 The second tank 55 for unreacted solid lignocellulosic residues is 
interconnected through a piping to the enzyme hydrolyser 57, which is 
interconnected t o t he device f or p reparation e nzymes 56 a nd a s eparator 58 
designed for the separation of glucose and lignin, the separator 58 is 
connected with the sixth tank 59 for lignin a nd with the seventh tank 60 for 

10 preparation of the fermentative medium, the first tank 6J. for the solution of 
sugar hydrolysate from the hydrolysis is connected to the pressure reactors 78 
and 79 for starchliquefying, which are equipped with a supply of grounded 
starch raw material. The pressure reactors 78 and 79 for starchliquefying are 
interconnected to the enzyme starch hydrolysers 82 and 83, which are further 

15 interconnected via the fourth exchanger 80 and the fifth exchanger 62 into the 
fermentors 63 and 6fL Both fermentors are interconnected via the yeast cell 
separator 66 to the fourth heat exchanger_80, which is connected to the distilling 
device 69, which is interconnected to the evaporator 72 of the stillage and the 
second rectifying column 70. The distilling device 69, evaporator 72 and second 

20 rectifying column 70 are interconnected to the heating unit, the second rectifying 
column 70 in the area of the exhaust water is connected to the sixth 
accumulative water tank 52 for the process water heated in the first exchangers 
32 and 33 to the boiler 14 of the heating unit. 

Figure 2 presents the worm continuous filling unit 13. The continuous filling unit 
25 13 consists of segments made up of the body 94 with single-threaded conveyer 
worms 86, positioned on the shaft 85. The set of segments is completed by the 
head 98, the inner geometrical shape of which is adjusted to the position of the 
mandrel 9J_ screwed into the end of the shaft 85. Between the worms there is at 
least one steam ring 88 and spacer 89, securing the steam ring 88 to the length 
30 of the whole worm set 86. The steam ring 88 widens conically on the entering 
side of the raw material. In the position of the steam ring 88 the inside part of 
the body 94 is fitted with the filler shaped like a thin annular ring 3 to 6 mm 
wide, the output flange 92 fitted with an outlet filler with the reducing part 93 
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leading to the first hydrolyser 22 is fastened to the head. The body 94 of one of 
the segments is fitted with the side first opening 87 for the intake of 
disintegrated raw material and with the second opening 97 for injection the 
process water feed. In front of the first worm on the shaft there is also fixed the 
5 connecting board 96 and bearings 95, the shaft is connected to the driving 
aggregate. 

The disintegrated raw material is continuously fed into the input tank for the 
filling worm pressure filling unit 13, consisting of several constructional parts. 
The worm transports the modified raw material into the second part, into which 

10 the process water is injected. The raw material proceeds through the spacer 89 
and steam ring 88, where the raw material is compressed and heated as it 
passes from one section into the other. The raw material heated by this way is 
further transported by the worm 86 with the same diameter through the spacer 
89 into another part with a connected single threaded worm 86, terminating with 

15 the last steam ring 88 and a mandrel 91^ The pressure in the last- section 
leading into the hydrolyser is approximately 1 ,5 to 3,2 MPa and the temperature 
80 to 90 °C. The heated and partly-defibered raw material leads along the 
perimeter of the steam ring 88 and through the outlet filler 93 with the reducing 
part into the input part of the first hydrolyser 22. ! < . 1 

20 

The reacted suspension is carried from the last hydrolyser 24 through "the 
pressure piping via the high-pressure expansion slide valve 26 into the first 
faSdium-pressure expander, in side of which is a pressure of 0,8 MPa and a 
femperature of 170 °C. In the upper parts of the expanders there are : the sebortd 
25 and third piping for the exhaust of the vapour phase. The greater propdrtibri of 
i-""' the furfural leavs in vapour portion, the condensing and latent heat of which is 
used to preheat the process water in the steam second exchangers 34, and '35. 
The^ydrolysate is carried from the lower part of the medium-pressiire S^pdndef 
27 through the medium-pressure expansion slide valve 28, which is corine'cted 
30 to the atmospheric low-pressure expander 29,, which is connected through the 

rotary feeder 30 to the stirred tank 53 of the hydrolytic product. The steam 

« > 

phase from the low-pressure expander 29 is carried through - the first 
exchangers 31 and 32 via the pressure piping into the third tank 42 for the inlet 
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furfural mixture. The inert vapour phase containing furfural is carried from the 
upper part of the hydrolysers via the pressure piping and through the second 
and third high-pressure expansion slide valve 26 into the exchanger, from 
where the condensed inert phase is carried to the third tank 42 for the furfural 

5 mixture and acids. The furfural mixture in the third tank 42 is at a temperature of 
30 °C and is injected by a pump into the first rectifying column 43 from whose 
upper plates the furfural mixture is carried through the pressure piping via the 
exchanger into the decanter 46 from the lower part of which 92 % w/w furfural 
is pumped for expedition, and the upper part contains the water-furfural part 

0 with 8 % w/w furfural, which is pumped through a stainless piping into the 
upper part of the first rectifying column 43. The distilling residue from the first 
rectifying column 43 is pumped through a stainless piping into the tank 5J. for 
the solution of mixture of acids and water. 



15 The solution is led from the lower part of the atmospheric low-pressure 
expander 29 via the rotary feeder 30 through the piping into the mixing tank 53, 
from which the hydrolysed mixture is led through the piping to the separating 
device 54 - filtering press or centrifuge, in which the sugar solution from the 
fiberized lignocellulose phase is by pressing separated. The sugar solution is 

20 collected in the first tank 6J_ for the solution of sugar hydrolysate The fiberized 
lignocellulose phase is led through the piping into the enzyme hydrolyser 57, 
into which all cellulose enzymes are bringht. From the enzyme hydrolyser 57 
the hydrolysed solid phase is led away through two branches with bypassing 
into the separator 58 of the glucose and lignin solution, from which the lignin is 

25 led into the sixth tank 59 for lignin and the glucose solution is drived into the 
seventh tank 60 for production of the fermentative medium. Alternatively, the 
second branch is interconnected into the thermo- pressure hydrolytic system to 
complete the hydrolysis. 



30 After the hydrolysis is complete, the glucose solution is led from the first tank 6J. 
into the stirred heated pressure reactor 78 and then into the enzyme starch 
hydrolyser 82, where the enzyme saccharifying of starch into glucose occurs. 
The glucose solution is led through the piping and pressure pump into the 
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seventh tank 60 for production of the fermentative medium, from which it 
proceeds through the pressure pump and heat exchanger into the fermentor 63. 
The fermentor 63 is interconnected with the yeast cell separator 66, from where 
the yeast cells return to the fermentor 63 and the ethanol solution is heated in 
5 the heat exchanger and is further led to the distilling device 69, which is 
interconnected to the e vaporator 72 and the second rectifying column 70, or 
eventually to the device for the dehydration of ethanol. The concentrated 
stilllage is led away from the evaporator 72. Waste water from the ethanol 
rectification and furfural part are recycled for worming up in the heating unit for 

1 0 further use in the hydrolytic and rectifying process. 

The waste water is returned to the process in the full extent, except of the water 
contained in moistened products and rinsing water. Phosphoric acid can 1 be 
used expediently because its salts work as nutrients. ; 
The advantage of the method and the device is particularly the fact that the 

15 process of hydrolytic fermentative technology processes all the input material 
into marketable products, such as furfural, lignin, ethanol, acetic acid, formic 
acid, carbon dioxide and stillage with yeast cells. . i . 

' 

The advantage of the solution for the production of all of the aforementioned 
20 products is particularly the fact that the process occurs in ; one compact 
production unit and utilizes of lignocellulosic and starch materials and can 
completely process a farming product in a waste-free process. The only waste 
is the rinsing water. - .'.i...:,M.,^rr-".'..-.r:... 

■ ..,,•).• . • . . ...•'•••}.,' 

■ ' - ' - ' ■■ . ' 

25 The solution has the advantage that it offers the maximum possible saving of 
heat energy necessary for the individual processes. 

The technical and technological core of the device is solution of the filling unit of 
the hydrolytic, decompressing and other devices allowing transportation of input 
materials and suspensions by the continuous piston movement in the 
30 hydrolysers, at the desired temperatures, pressures and the delay period in the 
hydrolytic part of the lignocellulosic materials with a continuous convergence to 
the starch processing. Particular advantage of the technology and the device is 
that the process of hydrolytic fermentative technology for the production of 
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bioethanol is processionally resolved in one compact production unit and only 
renewable resources are processed. A device of this type can processes as a 
matter of fact the whole of the biomass without considerable waste. 

5 The device is fully feasible in the conditions of medium engineering plants in the 
Czech Republic and does not depend on importation. The introduction of this 
technology enables - in a high utilization percentage of 75 to 85 % - the 
production of low-cost saccharide resources from lignocellulosic materials as 
the m ost i mportant i nput m aterial for b iotechnological p roductions, w ith t hese 
1 0 further advantages: 

a) revitalisation of agricultural communities, increased employment 

b) advantages of utilization of ethanol produced according to the proposed 
technology 

c) profitability 

15 d) world competitiveness 

e) reduction of imported sources of fuel (crude oil) 

f) universality of the technology 

g) negligible impact on the environment 

h) utilization of renewable domestic resources 
20 i) variability of resources 

j) possibility of exporting new technologies and know-how 

Example No.1 

25 This example has been chosen for processing of wheat frumentaceous straw, 
containing 7 to 10 % of water. Example No. 1 has been chosen for a 
commercial plant with a medium processing capacity of 1100 kg of straw per 
hour, that is 7200 tons of processed input raw material over 300 working days. 
The device in picture 1 contains 8 working sets: 01- Raw material preparation, 

30 02- Heating circuit, 03- Hydrolysing part, 04- Separation of furfural and acids, 
05- Separation of the solution of sugar and solid unreacted phase, 06- Enzyme 
hydrolysis of the unreacted cellulose. Hydrolysing and enzyme glucose merge 
into one sugar product, which is - at the selling price 6 to 7 Kc/kg - a well 
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marketable product, or is further led into the tank for the preparation of the 
fermentative medium of set 07- for the production of ethanol; set 08 is designed 
for collection of carbon dioxide. 

5 Set 01 Preparation of the input raw material. The main raw material in this stage 
is processing of wheat frumentaceous straw, but any other lignocelluiosic raw 
material can also be used. The store of straw ensures the storage capacity for 
the preparation of crushed straw. The crushed straw is transported by the belt 
conveyor 1 to the pressure worm filling unit 13. 

10 

Heating cycle - 02 

Part of the process water is heated directly in the boiler 14, and is also used for 
generating steam. Pure demineralized water is processed in the boiler, which 
may be electric, gas, or for solid fuels. The steam detached from the two phase 

15 expansion provides heating of the modified water for completion of the* system 
and is led, together with the exhaust water returning from the evaporator, via 
the first exchanger 32 where it is heated to 90 °C, proceeds further through the 
tank for process water 33, from where it proceeds via the first exchanger 31, in 
which it is heated to a temperature of 160 °C and is led to the boiler 14. 

20 Complementary water in the boiler is heated up from 1 60 °C to a temperature of 
240 °C. The net heat consumption in the hydrolysing and fermentative set is 
850 kW. The boiler continuously pumps water at a flow rate of 4500 to 6500 
kg/hr. The boiler output is regulated according to the pressure in the separating 
vessel. The purpose of the separating vessel is to separate the liquid from the 

25 steam. The level of the liquid is maintained by the pump. 

Hydrolysing set 03 for the production of furfural, organic acids, iignin, 
hydrolysing sugars. 

30 Loose lignocelluiosic material is brought to the processing tank 12 of the filling 
unit 13. The raw material proceeding through the spacer 89 and steam rings 88 
where compression occurs is heated up to 80 to 90 °C. The partly defibrized 
material continuously enters to the counter pressure of the first hydrolyser 22 
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through the outlet filler 93 with reducing part and passes via the interconnecting 
pressure piping 23 into the second hydrolyser 24. The material after passing 
through the reducing part of the filling unit 13 slow disintegrates in the 
hydrolyser at temperatures of 195 - 235 °C. 5000 kg of steam at a temperature 
5 of 235 °C is dosed to the first hydrolyser 22 at the specified weight ratio. Acid at 
the weight ratio of 0,2 to 0,85 %, in relation to the suspension, is injected into 
the inlet piping in front of the first hydrolyser 22. The hydrolysed mixture 
proceeds to two-phase expansion. Vapour at a temperature of 170 °C and a 
pressure of 0,8 MPa proceeds from the medium-pressure expander 27 to the 

10 first exchanger 31_, where it preheats the process water from 90 °C to a 
temperature of 160 °C. The main reason for the double expansion is to improve 
the heat recuperation. Only the steam phase from the exchangers, not the 
sugar solution with the solid phase, is used for the recuperation. The solution 
drains by the medium-pressure expansion slide valve 28 into the cyclonic low- 

1 5 pressure expander 29. The vapour phase is mixed with the vapour phase of the 
medium-pressure 27 and low-pressure expander 29 and their condensing and 
latent heat is used in the first exchanger 32 to preheating the process water to 
90 °C. The heated process water proceeds from the first exchanger 32 into the 
tank for process water 33. The solution of sugar hydrolysate with the residues 

20 from the unreacted solid phase drains via the rotary feeder 30 to the stirred tank 
53. The hydrolysing solution is discharged to another operating set 05 by the 
pump. 

Separation of furaldehyde (set 04) from the steam phase of the expanders is 
solved in a continuous link-up to the set 03 of the hydrolysis. Furfural - the 

25 volatile components, are forced out from the hydrolysers first. The condensate 
of the steam and inert phase is led from the second exchangers 34 and 35 to 
the third tank 42_ for the furfural mixture, where the mixture is cooled to 20 to 
30 °C and then is injected by the pump into the first rectifying column 43, from 
which the two streams leave. From the upper plates it is predominantly a 

30 solution of furfural, methanol and water, from the lower part it is a solution of 
acids and water. The stream of furfural is introduced through the third 
exchangers 44 and 45 into the decanter 46, where the cooled heterogeneous 
mixture is gravitationally separated into two layers. The lower layer contains 
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approximately 92 % furfural solution in water and partly methanol. This layer is 
pumped off into the fourth tank 49 for 92% furfural, for further utilization as a 
product. The upper layer from the decanter 46 contains about 8 % furfural, 
furthermore methanol and water. This layer is injected back into the first 
5 rectifying column 43. The lower stream from the first rectifying column 43,. 
containing acids and water, is led away into the tank 5J. for the solution of the 
acids mixture as a product or for further processing. This azeotropic mixture 
cannot be directly separated by rectification. It is necessary to use extraction 
first. If the third tank 42 for furfural mixture is not used, it is from, the point of 
10 view of furfural separation, more beneficial not to mix the output from the 
medium-pressure and atmospheric expanders and to direct each of them to a 
different plate of the first rectifying column 43. 

* 

Set 05 Separation solution of sugar and solid unreacted phase 

15 

The suspension of the mixture producted in stirred tank 53_ is led by the pump 
to the filtering press - separating device 54, where the unreacted residues of 
cellulose and lignin are separated and led into the second tank 55 of the 
unreacted solid phase. The sugar solution is led to the first tank 61, from which 
20 it is pumped in to the seventh tank 60 for preparation of the fermentative 
medium. 

Set 06 solves the enzyme hydrolysis of the unreacted phase. 

25 Set 07 solves the processing of grains and starch. 

The solution of hydrolytic glucose at a temeperature of approximately 80 °C is 
alternatively pumped into the stired pressure reactors 78 and 79. Concurrently 
the crushed grains are fed into the reactors 78 and 79. The charge is heated to 
30 the temperature required for starchliquefying (about 100-110 °C) and after 
appropriate delay it is pumped through the fourth exchanger 80 into one of the 
enzyme starch hydrolysers 82 or 83, where - after adding amylases and 
adjusting the temperature and pH - the enzymie hydrolysis of starch into 
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glucose occurs. The hydrolysed solution is pumped via the seventh tank 60 and 
through the fifth exchanger 62 by the pump into the fermentors 63 and 64. 

Set 08 solves the fermentation and separation of ethanol occuring in 
5 consequention to the hydrolysing set and enzyme hydrolysis of starch. The 
glucose solution is modified to a concentration of 8 to 9 % w/w and after the 
addition of phosphates and trace elements Mg, Zn, and after sterilization it is 
further fermented. 

10 Set 09 provides collection of C0 2 (the set is not elaborated in figures), at an 
output of approximately 100 to 150 kg/hr in the block medium-pressure 
arrangement, which ensures the separation of foam, purification and drying of 
C0 2 after the preceding compression in the oil-free compressors and 
subsequent forcing of the gaseous C0 2 phase into the tank for liquid C0 2 , in 

15 which condensation by cooling occurs. It is possible to draw the liquid C0 2 or 
fill the pressure bottles with the liquid C0 2 from the tank. Should a higher output 
be required, the number of blocks is increased - the other components are not 
significantly changed. 

20 Set 10 ensures the removal of the separated yeast cells in the eighth tank 67 
and it carries these subproducts together with the stillage into the ninth tank 73. 
The stillage and yeast may be used as fodder. 

The whole process has a high efficiency in industrial conditions. The distilling 
25 efficiency is about 99,5 %. By utilization of the service heat generated by 
hydrolysis and by recuperation of the heat consistently, it is not far from the 
parameters of the most up-to-date multipressure methods. Besides this, the 
device is simple and does not require intensive investment. 

i ■■ ■■ 

30 The I inkage and relative simplicity of the fermentative, d istilling a nd rectifying 
methods enable full automation and computerization of the process. 

■ 

i 
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Comparison of the results of the efficiency of the individual products while 
processing only the lignocellulosic material (i) and together with the starch raw 
material (II). 

Input I straw 1000 kg/hr 

5 Input II straw 1000 kg/hr. + 500 kg/hr. Starch grains 



Composition of the output streams: 

The main products of the hydrolysing solution in total I || 

5 000 kg/hr 5 OOOkg/hr 

1 0 from it after modification: 

furfural mixture 92% , 76 76 

mixture of acetic acid and formic acid 30 30 

water 944 944 

solid phase (lignin with unreacted cellulose) 320 320 

1 5 solution of hydrolytic sugar and 382 382 
sugar from enzyme hydrolysis 

amylolytic hydrolysis of starch into glucose — 270 

Glucose in total 382 652 

20 Products from the fermentative and distilling process: I II 



bio-ethanol liters 254 442 

carbon dioxide C0 2 190 210 

stillage non concentrated 960 1 100 

25 

The costs of production of bioethanol produced by the standard method are 2,5 
to 3 times higher than the production of conventional engine fuels. The 
economic effectiveness of the production of bioethanol is affected by the costs 
of raw material, the size and configuration of the device, the costs of waste 
30 management and primarily energy costs. The by products provided by method 
of processing the lignocellulosic and starch material produced by the designed 
device increase the efficiency of the device and lower the costs of biethanol 
production. 
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Industrial Applications 

Ethanol with in a concentration of over 98 %w/e is the main product of the 
5 continuous process. There are several possible applications for its utilization. 
It can be used as an additive for engine fuels and for ignition processes in 
general, in order to increase the fuel efficiency. 

* 

Part of the production can be used in the varnish and paint industry as a 
solvent, also in the chemical and foodstuffs industry. 
10 Furhermore, the most important products are furaldehyde, lignin, acetic acid, 
formic acid, a limited amount of methanol, also carbon dioxide, stillage and 
yeast cells. 

Lignin is a highly marketable material, especially popular as a filler component 
in the rubber-manufacturing industry as it has a very positive effect on the 

1 5 quality of the produced material (esp. for the production of tyres). * 

Furaldehyde, acetic acid and formid acid are commodities which sell sufficiently 
well on the chemical products market. Like lignin, they are highly marketable 
products, which are produced in the required quality and which significantly 
reduce the total costs of the operation. ' .i 

20 Methanol i s m arketable o n t he c hemical p roducts m arket, a nd i t c an a Iso b e 
used in the engine fuel production industry. 

Carbon dioxide is released in relatively considerable amounts and of very good 
quality (the practically pure output from the biological processes fulfill the 
requirements of the foodstuffs industry). ~: < 

25 Stilisige and yeast can be used in agro-industry. 
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Patent claims 

1. The method for complex processing of lignocellulosic and starch 
materials where furfural, acidic acid and lignin are produced by 
continuous pressure hydrolysis, followed by two stages expansion, 

5 separation of the hydrolysate into the gaseous phase and solution of 

sugars, characterized by the fact that the disintegrated lignocellulosic 
raw material is continuously hydrolysed, the hydrolysed material is 
expanded in two stages when the vapour phase and hydrolysate solution 
are produced, in the vapour phase there is furfural, methanol and the 

10 acetic acid, the hydrolysate solution contains sugars, lignin with the 

residual cellulose and water, the hydrolysate solution is separated into 
the solution of sugar and solid unreacted phase by pressuring, the solid 
phase is exposed to cellulolytic enzymes, by the process of which 
soluble glucose and insoluble lignin are produced, the lignin is separated, 

15 the solution of glucose is added to the solution of sugar from the 

hydrolysis, to the solution of sugars is continuously added starch 
material and everything undergoes amylolytic hydrolysis, after which the 
solid particles are separated and returned to thermo-pressure hydrolysis, 
the solution of glucose is pumped for fermentation, where the glucose 

20 ferments to ethanol, the yeast cells are separated and ethanol is distilled 

off. 

2. The method according to claim 1 , characterized by the fact that the 
disintegrated raw material is moistened in the weight ratio of 0,1 to 0,3 % 
w/w, during transportation the material is continuously mechanically 

25 heated to 80 to 9 0 °C, subsequently hydrolysed while simultaneously 

injecting steam containing 0,2 to 0,85% w/w of inorganic acid, in relation 
to the weight of the suspension, at a temperature of 190 to 235 °C, and 
a pressure of 1 ,5 to 3,2 MPa, the weight ratio of pressurized water to the 
solid base is 1 :3,5 to 1:4.5, for a period of 9 to 12 minutes, when the 

30 hydrolysis proceeds during the simultaneous movement and balanced 

mixing and advance of the solid and liquid phase. 

3. The method according to claim 1 , characterized by the fact that the 
first expansion occurs at a temperature of 150 to 175 °C and a pressure 
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of 0,6 to 0,9 MPa, the greater proportion of the furfural leaves as the 
vapour portion, the condensing and latent heat of which is used in the 
exchanger for preheating the process water to a temperature of 160 °C 
and the second expansion occurs at a temperature of 105 to 1 10 °C and 
5 a pressure of 0,12 to 0,15 MPa, when the remaining furfural is separated 

from the liquid phase. 
4. The method according to claims 1 to 3 characterized by the fact that 
for acceleration of the thermo-pressure hydrolysis an acid or acid-forming 
substance selected from a group consisting of phosphoric acid, 

10 hydrochloric acid, sulphuric acid, or superphosphate in a concentration of 

0,3 to 0,85% of w/w is added, the acid is mixed with steam in the piping 
before entering the hydrolyser. 
5- The method according to claims 1 to 4 characterized by the fact that 
starch material, e. g. scrap, is dispersed in the glucose solution, which is 

15 adjusted to a pH of between 4 and 7 and to a temperature between 30 

and90°C. 

6. The method according to claims 1 to 5 characterized by the fact that 
the raw materials are heated by pressurized process water and that the 
unreacted solid phase is returned to the hydrolytic process. r i: r 

20 7. The method according to claims 1 to 6 characterized by the fact that 

the heat energy of the hydrolysate is used for heating and 
starchliquefying of the suspension of starch materials in the solution of 
glucose and for heating the process water or steam. 

8. The method according to claims 1 to 7 characterized by the fact that 
25 the heat energy obtained from the solution of glucose and b^ the 

concentration stillage is used for heating the mash. 

9. The method according to claims 1 to 8 characterized by the fact that 
the heat energy of exhaust water is used to mixing of the exhaust water 
with process water. 

'\ * t 

30 10. The device for providing the method according to claims 1 to 9, 

consisting of a crusher, filling unit and set of hydrolysers, of which the 
last one is interconnected via the medium-pressure expander and low- 
pressure expander to the stirred tank of hydrolytic product and the upper 
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parts of the medium-pressure and low-pressure expanders are 
interconnected to the upper part of the rectifying column of furfural and to 
the furfural tank, characterized by the fact that the continuous pressure 
worm filling unit (1 3) consists of segments formed by the body (94) with 
5 single-threaded conveyer worms (86), positioned on the shaft (85), the 

set of segments is concluded by the head (98), inside which the 
geometric shape is adapted to the position of the mandrel (91), which is 
screwed into the end of the shaft (85), between the worms there is at 
least one steam ring (88) and spacer (89), the steam ring (88) widens 

10 conically on the entering side of the raw material, in the location of the 

steam ring (88) the inner part of the body (94) is fitted with a filler shaped 
like a thin annular ring 3 to 6 mm wide, the output flange (92) is attached 
to the head (98), the flange is fitted with the outlet filler (93) with the 
reducing part opening to the first hydrolyser (22), the body (94) of one of 

1 5 the segments is fitted with a side first opening (87) for the input of the 

disintegrated raw material and with a second opening (97) for injection of 
pressurized process water, furthermore, a connecting board (96) and 
bearings (95) are placed in front of the first worm on the shaft, the shaft 
(85) is connected to the driving propulsive aggregate, the first hydrolyser 

20 (22) is also equipped with a supply of steam with low concentrated acid, 

the first hydrolyser (22) is interconnected to at least one more hydrolyser, 
the last hydrolyser (24) is interconnected via the high-pressure 
expansion slide valve (26) to the medium-pressure expander (27), the 
lower part of which is interconnected via the medium-pressure expansion 

25 slide valve (28) into the upper part of the low-pressure expander (29), the 

lower part of the low-pressure expander (29) is interconnected via the 
rotary feeder (30) to the stirred tank (53) of the hydrolytic product, which 
is interconnected - via the separating device (54) - to the first tank (61) 
for the solution of sugar hydrolysate and with the second tank (55) for 

30 unreacted solid I ignocellulosic residues, the u pper p art of the medium- 

pressure expander (27) and low-pressure expander (29) is 
interconnected with the first exchangers (31) and (32), the second 
exchangers (34) and (35), and through the third tank (42) into the upper 
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part of the first rectifying column (43), the upper part of the first rectifiying 
column (43) is connected — via the third exchangers (44) and (45) — 
through the lower part of the decanter (46) to the fourth tank for furfural 
(49), the upper part of the decanter (46) is interconnected through the 
5 fifth tank (47) for the low concentrated furfural mixture back to the third 

tank (42), the second tank (55) for unreacted solid lignocellulosic 
residues is interconnected to the enzyme hydrolyser (57), which is 
interconnected to the device (56) for the preparation of enzymes and the 
separator (58) designed for the separation of glucose and lignin, the 

10 separator (58) is connected to the s ixth tank f or I ignin (59) and to the 

seventh tank (60) for the preparation of the fermentative medium, the first 
tank (61 ) for the solution of sugar hydrolysate is connected via a piping to 
the pressure reactors (78) and (79) for starchliquefying, which are 
equipped with a supply of grounded starch raw material, the pressure 

15 reactors (78 and 79) are interconnected to the enzyme starch 

hydrolysers (82) and (83), which are further interconnected through the 
fourth exchanger (80) and the fifth exchanger (62) into the fermentors 
(63) and (64), both fermentors are connected via the yeast cell separator 
(66) to the fourth heat exchanger (80), which is connected to the distilling 

20 device (69) connected to the evaporator (72) and the second rectifying 

column (70) of ethanol, the distilling device (69), evaporator (72) and the 
second rectifying column (70) are connected to the heating unit, the 
second rectifying column (70) in the area of the exhaust water is 
interconnected to the eighth accumulative water tank (52) for process 

25 water to be heated in the first exchangers (32 and 33) for the boiler (14) 

of the heating unit. 

11. The device according to claim 10 is characterized by the fact that the 

expanders (27) and (29) are shaped like cyclonic separators and the 
medium-pressure expansion slide valve (28) tangentially enters the 
30 medium pressure expander (27). 
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